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Relationship between serum albumin concentration and tubular
reabsorption of glucose in renal disease. Micropuncture studies in
rats and dogs have provided evidence for a cause-and-effect rela-
tionship between peritubular protein concentration and proximal
tubular reabsorption (PTR). If this effect is obtained in man, hy-
poalbuminemia in nephrotic syndrome should lead to a fall in
PTR. Sodium excretion, however, is very low in nephrotic pa-
tients; but this sodium retention may be due to distal over-
reabsorption. Glucose may be used as a marker of PTR. Because
of the linkage between glucose and sodium, glucose reabsorption
is expected to be suppressed when PTR of sodium is suppressed.
Glucose titration studies were performed in 21 patients with
chronic gloinerulonephritis without renal failure divided in three
groups: I (six patients) with serum albumin >3 g/l00 ml; II (five
patients) with serum albumin of 2 to 3 g/I00 ml; and III (10 pa-
tients with edema and nephrotic syndrome) with serum albumin
<2 gIlOO ml. The minimum threshold for glucose decreased in
nephrotic patients (group III), and its fall was related directly to
hypoalbuminemia. The splay of titration curve was markedly in-
creased in group III when compared to the titration curves of
patients without nephrotic syndrome (groups I and II). The splay
point was 0.78 in group 1, 0.52 in group II, and 0.37 in group III.
These data provide evidence that glucose reabsorption is de-
creased in nephrotic syndrome and are consistent with a fall in
PTR in nephrotic syndrome.
Relation entre Ia concentration de albumin et Ia reabsorption
tubulaire du glucose. Les etudes par microponctions chez Ic rat
et le chien ont apporté des arguments en faveur d'une relation de
causalité entre Ia concentration de protéines péritubulaire et Ia
reabsorption tubulaire proximate (PTR). Si cet effet est exercé
chez l'homme, l'hypoalbuminemie du syndrome néphrotique
devrait determiner une diminution de PTR. L'excrétion de so-
dium, cependant, est très faible chez les malades atteints de syn-
drome néphrotique, mais cette retention de sodium peut être due
a une augmentation de Ia reabsorption distale. Le glucose peut
être utilisé comme marqueur de Ia reabsorption tubulaire proxi-
mate. Le lien entre les reabsorptions de glucose et de sodium fait
prévoir que Ia reabsorption du glucose doit être supprimée en
même temps que celle du sodium. Des titrations de glucose ont
ete réalisées chez 21 malades atteints de glomerulonephrite
chronique, sans insuffisance rénale, et divisés en trois groupes: I
(six malades ) et II (cinq malades) dont l'albuminémie était, re-
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spectivement, supérieure a 3 g/l00 ml et comprise entre 2 et 3 gI
100 ml; le groupe III comprenait 10 malades atteints de syndrome
nephrotique, avec des oedèmes et one albuminémie inférieure a
2 g/100 ml. Le seuil du glucose est diminué chez les malades du
groupe III et cette diminution est directement proportionnelle a
l'hypoalbuminémie. La partie curviligne de Ia courbe de titration
(splay) est considérablement augmentee dans Ic groupe III par
comparaison avec les groupes I et II. Les points d'infiexions sont
de 0,78, 0,52 et 0,37 dans les groupes 1,11, et III, respectivement.
Ces résultats apportent Ia preuve de ce que Ia reabsorption de
glucose est diminuée au cours du syndrome néphrotique et us
sont compatibles avec une diminution de Ia reabsorption tubu-
laire proximale au coors de ce syndrome.
Although there is some evidence that the distal
nephron can reabsorb some glucose, the bulk of the
filtered glucose is reabsorbed in the proximal con-
voluted tubule, and its reabsorption is linked to that
of sodium. Glucose reabsorption can therefore be
expected to be suppressed when proximal reabsorp-
tion of sodium is suppressed. Micropuncture stud-
ies in rats and dogs have provided evidence for a
cause-and-effect relationship between peritubular
protein concentration and proximal tubular reab-
sorption [1]. if this effect is obtained in man, hy-
poalbuminemia in the nephrotic syndrome should
lead to a fall in proximal tubular reabsorption. In
this study we have evaluated the relationship be-
tween the tubular reabsorption of glucose and the
serum protein concentration in patients with chron-
ic glomerulonephritis with and without the nephrot-
ic syndrome. The results show that the reduction in
serum protein concentration is responsible for an
increase in the splay of the glucose titration curve
without any clear fall in the maximum rate of glu-
cose reabsorption.
Methods
Glucose titration studies were performed in 21
patients with chronic glomerulonephritis with a
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wide range of GFR's. The diagnosis was established
by renal biopsy in 18 patients. All patients were
divided into three groups: group I comprised 6 pa-
tients with a serum albumin concentration greater
than 3 gIlOO ml; group II comprised 5 patients with a
serum albumin of 2 to 3 g/l00 ml; group III com-
prised 10 edematous patients with nephrotic syn-
drome and serum albumin less than 2 g/l00 ml.
All drugs were withheld for at least 24 hours be-
fore study. Food was withheld for 12 hours, but free
water intake was permitted.
GFR was determined by the clearance of poly-
fructosan (mutest®) infused intravenously at a con-
stant infusion rate throughout the duration of the
study. After a 45-mm period of equilibration, two to
three control clearance periods were obtained.
Then, the plasma glucose concentration was ele-
vated progressively by i.v. infusion of 50% glucose
solution. Clearance periods varied from 10 to 20
mm depending upon the urine flow rate. Urine was
collected via an indwelling urethral catheter. Blood
samples were collected at the mid-point of each
clearance period and centrifuged shortly after col-
lection.
Glucose concentration in plasma and urine was
determined by a glucose oxidase method (Glucose
Test Sclavo®).
Glucose titration curves were constructed by fit-
ting the best curve to the experimental points ob-
tained by plotting the filtered load of glucose (FG)
over the maximum rate of glucose reabsorption
(TmG) (FGITmG) against the tubular reabsorption of
glucose (RG) over TmG (RG/TmG).
Results
The data of the patients under study are summa-
rized in Table 1, and the glucose titration curves in a
representative patient from each group are reported
in Table 2. GFR ranged from 28 to 170 ml/min in
patients without nephrotic syndrome and from 25 to
80 mi/mm in patients with nephrotic syndrome. A
mass plot is shown in Fig. I for the titration data
obtained in the patients from group I (serum albu-
min >3 g/l00 ml; upper tracing), group II (serum
albumin = 2 to 3 g/lOO ml; middle tracing), and
group III (serum albumin <2 g/100 ml; lower trac-
ing).
Tabie 1. Data of all patients under studya
Group and Age Proteinuria
Serum
albumin
Inulin clearance
TmG TmG Diagnosis byBasal At Tm
patientno. yr Sex g/24hr gil 00 ml Edema mi/mm mi/mm % mg/mm GFR renalbiopsy
Group I
1 38 F 1.5 3.02 — 150 156 370 2.37 Membr. GN
2 19 M 0.5 3.66 — 170 179 425 2.37 Prolif. GN
3 27 M <0.5 4.29 — 100 130 357 2.75 Prolif. GN
4 37 M lto2 3.29 — 49 42 131 3.12 —
5 22 M 3 to 4 3.17 — 75 87 291 3.35 Membr. prolif. GN
6 43 F <0.5 3.81 — 43 47 207 4.40 Membr. prolif. GN
Mean 3.54 97.8 107 + 9.4 296.8 3.06
Group II
7 13 M 1 to 5 2.20 — 78 92 360 3.91 Membr. prolif. GN
8 20 M 2 to 5 2.74 — 64 66 203 3.08 Membr. prolif. GN
9 54 F 4 to 6 2.08 — 85 107 367 3.43 Membr. GN
10 40 M 3 to 6 234 — 28 42 123 2.93 Membr. prolif. GN
11 18 M 5to7 2.91 — 73 104 241 2.32 Membr. prolif. GN
Mean 2.45 65.6 82.2 +25.3 258.8 3.13
Group III
12 34 M lOto 12 1.44 ++ 61 73 240 3.29 Prolif. GN
13 19 M 11 1.36 +++ (70) — — — Prolif. GN
14 47 M 3to5 1.32 ++ 45 59 210 3.56 —
15 68 M 2 1.99 + 70 81 225 2.78 MinimalchangeGN
16 27 M lOtol7 0.97 ++++ 34 48 192 4.00 FocaiGS
17 27 M 3to5 1.84 ++ 80 103 323 3.14 FocaIGS
18 22 F 3 to 5 1.60 + 25 35 60 1.71 Membr. prolif. GN
19 17 F lOtolS 1.54 ++ 76 92 240 2.61 Prolif.GN
20 68 F 4to 8 1.69 +++ (56) — — — —
21 56 M 4to 5 1.43 ++ 75 90 231 2.57 Membr. GN
Mean 1.52 58.3 72.6 +24.6 215 2.96
a Abbreviations are: TmG, maximum rate of glucose reabsorption; Membr., membranous; GN, glomerulonephritis; prolif., prolifera-
tive; GS, glomerulosclerosis.
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Table 2. Glucose titration curves in three representative patients with different serum albumin concentrationsa
Period
Plasma
glucose
gluier
Urine Glucose, mg/mm F R
GFR output
C
mi/mm mi/mm Filtered Excreted Reabsorbed TmG TmG
R
GFR
Group!, patient4: Serum albumin 3.29 g/100 ml
1 1.19 45 2.15 53.55 — 53.55 0.39 0.39 1.19
2 1.29 46 2.30 59.34 — 59.34 0.44 0.44 1.29
3 1.38 49 2.45 67.66 67.66 0.50 0.50 1.38
4 1.59 49 2.63 77.91 — 77.91 0.58 0.58 1.59
5 1.78 53 2.69 94.34 — 94.34 0.70 0.70 1.78
6 2.29 49 3.02 112.21 0.30 111.91 0.83 0.83 2.28
7 2.58 42 3.37 108.36 4.88 103.48 0.80 0.77 2.46
8 3.36 43 4.83 144.88 24.15 120.33 1.07 0.89 2.79
9 4.16 42 5.12 174.42 50.69 124.03 1.29 0.92 2.95
10 5.36 40 7.00 214.40 75.60 138.80 1.58 1.02 3.47
11 6.16 45 8.75 277.20 155.75 121.45 2.05 0.90 2.69
12 7.76 41 9.37 318.16 185.52 132.64 2.35 0.98
Group II, patient ii: Serumalbumin 2.91 gIlOO ml
3.23
1 1.47 70 1.46 102.90 — 102.90 0.39 0.39 1.47
2 1.59 73 1.73 116.07 — 116.07 0.45 0.45 1.59
3 1.98 82 3.00 162.36 2.07 160.29 0.62 0.62 1.95
4 2.41 80 3.50 192.80 12.67 180.13 0.74 0.69 2.25
5 2.62 79 5.30 206.98 28.83 178.15 0.80 0.69 2.55
6 3.12 87 5.80 271.44 58.00 213.44 1.04 0.82 2.45
7 3.94 86 6.20 338.84 116.25 222.59 1.30 0.86 2.56
8 4.87 89 7.90 433.43 232.02 201.41 1.67 0.77 2.26
9 6.12 100 10.00 612.00 346.90 265.10 2.35 1.01 2.65
10 7.25 122 15.20 884.50 625.00 257.50 3.40 0.99
Group III,patient 2!:Serum albumin 1.43 gfIOO ml
2.11
1 1.05 75 1.00 78.75 0.20 78.55 0.34 0.34 1.04
2 1.47 73 1.00 107.31 1.12 106.19 0.47 0.46 1.45
3 1.65 69 1.47 113.85 4.11 109.74 0.49 0.48 1.59
4 1.80 78 2.55 141.40 10.84 129.56 0.61 0.56 1.66
5 2.15 81 3.18 174.15 19.87 154.28 0.76 0.67 1.90
6 2.65 88 4.41 233.20 50.71 182.49 1.01 0.79 2.07
7 3.60 90 7.00 324.00 133.00 191.00 1.41 0.83 2.12
8 4.65 86 8.00 399.90 168.00 231.90 1.74 1.00 2.68
9 5.00 91 9.10 455.00 222.95 232.05 1.98 1.00 2.54
10 5.75 94 10.40 540.50 312.00 228.50 2.35 0.99 2.43
a Abbreviations are: F0, filtered load of glucose; Tm, maximum rate of glucose reabsorption; R, tubular reabsorption of glucose.
The splay of the titration curve of nephrotic pa-
tients (group III) is markedly increased when com-
pared to the titration curves of patients without
nephrotic syndrome (groups I and II). This was
mainly due to the fall in the minimum threshold for
glucose, which appeared directly related to hypoal-
buminemia. When the ratio of tubular reabsorption
of glucose (RG) to GFR at the point where glucose
excretion begins was plotted against serum albumin
concentration, a significant correlation was ob-
tained (r = 0.811; P < 0.001) (Fig. 2). Figure 3
shows that a linear relationship was also detected
between glucose reabsorption (when glucose excre-
tion begins) and GFR, both in patients with serum
albumin greater (closed circles) or less (open cir-
cles) than 2 g/l00 ml. The difference between the
two regression lines was statistically significant (F
= 29.767; P < 0.005), whereas the difference in
their slopes was not. Finally the splay point (that is,
the ratio of filtered load of glucose to TmG at the
point where reabsorption becomes incomplete and
excretion begins) was 0.78 in group I, 0.52 in group
II, and 0.37 in group III. This difference in the splay
points was correlated with serum albumin concen-
tration independently from GFR (Fig. 4). A multiple
regression analysis, in fact, showed a significant
correlation between splay points and serum albu-
min concentration (P < 0.001) but not between
splay points and GFR (P > 0.05). TmIGFR did not
correlate with plasma concentration of albumin
(Fig. 5).
Discussion
It has been shown that patients with chronic gb-
merulonephritis may exhibit nondiabetic glucosuria
[2-3]. In this condition, the ratio of TmG to GFR
tends to be slightly elevated, clearly showing that
this glucosuria cannot be attributed to relative re-
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duction in the glucose reabsorptive capacity. Glu-
cose titration curves reveal, instead, that the
threshold at which glucose reabsorption becomes
incomplete is reduced, despite the normal or slight-
ly elevated reabsorptive capacity per unit of GFR
[2—3]. This finding has been initially interpreted as
the consequence of marked heterogeneity of the
nephron population, with some nephrons with low
TmGIGFR and some nephrons with high TmG/GFR
[4]. But Shankel, Robson, and Bricker [5] have giv-
en evidence that the glucose titration curve of a uni-
laterally diseased kidney (pyelonephritic kidney or
partial renal infarction), which is normal in the pres-
ence of a normal controlateral kidney, becomes ab-
normal with a greater splay after removal of the op-
posite kidney. This suggests that still unknown fac-
tors may alter the splay of the glucose titration
curve of uremic patients. Because similar behavior
was observed in normal animals undergoing large
saline infusions and in uremic animals in which the
residual nephrons are free of anatomic abnormal-
ities [6], it was suggested that this abnormal kinetics
of glucose reabsorption may be the expression of
suppression of fractional reabsorption of the filtrate
in the proximal tubule [4].
In recent years, a great deal of evidence has in-
dicated that postglomerular plasma oncotic pres-
sure represents an important determinant of reab-
sorption of filtrate in the proximal convoluted
tubule [1] and, more recently, that hypertonic
albumin infusion results in similar fluctuations in
proximal reabsorption of sodium and glucose [7].
This would suggest that proximal reabsorption of
water and solutes (glucose included) is reduced in
any condition in which postglomerular protein con-
centration is reduced.
Nephrotic syndrome is the classic clinical condi-
tion in which systemic serum protein concentration
is decreased and, therefore, postglomerular protein
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Fig. 1. Glucose titration curve in patients with serum albumin
greater than 3 g1100 ml (upper panel), between 2 and 3 g/100 ml
(middle panel), less than 2 g/100 ml (lower panel). R is glucose
reabsorption, and TmG is maximum reabsorption for glucose.
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Serum albumin, g/100 ml
Fig. 2. Relationship between glucose reabsorption factored
for 100 ml GFR, and serum albumin, at the point where glucose
excretion begins.
0 50 100 150 200
GFR, rn//rn/n
Fig. 3. Relationship between glucose reabsorption (RG) when
glucose excretion begins and GFR, both in patients with serum
albumin greater (continuous line) or less than (broken line, open
circles) 2 g/I00 ml.
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• group III
y = 0.287x + 0.0
r = 0.604
P <0.01
Fig. 4. Relationship between splay point (filtered load of glucose
at the point where glucose excretion begins /Tm) and (a) GFR
(upper panel) and (b) serum albumin (lower panel).
0
EH
0
U-
1.0 - group I patients with normal serum albumin (>3 g/
_______
100 ml), appeared markedly increased in group II
: patients with serum albumin of 2 to 3 gIlOO ml and
even greater in the titration curve of edematous pa-
0.5 -
•• tients with nephrotic syndrome (group III with
serum albumin less than 2 gIlOO ml). The greater
splay was accounted for by the fall in the minimum
I I I
threshold for glucose. This behavior of the glucose
C 50 100 150 200 titration curves was not related to changes in GFR
GFR,m//min because a wide range of GFR was common to the
1.0 - three groups. Furthermore, it has been shown that a
fall in GFR of nearly 80% is necessary before signif-
icant change in splay occurs [2—5].
Because the infusion rates of 50% glucose solu-
05 - • tion during the titration studies were comparable iny=0.181x+0.115 all three groups, a greater degree of volume expan-
•: p<o.oi sion might have occurred in the patients of the
nephrotic hypoalbuminemic group (group III),
I I I being most of these patients with lower GFR's. This
1 2 3 greater expansion may have reduced, to a greater
Serum albuming/lOOm/ extent, glucose reabsorption in the patients of group
III. Also, fractional sodium excretion could not be
used to estimate whether differences in extra-
cellular fluid volume occurred during the experi-
mental protocol because of the osmotic diuresis
5 secondary to glucose load. A certain degree of ex-
r r 0.0304 tracellular fluid volume expansion occurred, in-
P >0.05 deed, in almost all cases, as shown by the greater
values of GFR when TmG values were obtained in
• comparison with the basal values (that is, before the
titration studies) (Table 1). Although this rise in
GFR was greater in group II (+ 25.3%) than it was
3 . in group I (+ 9.4%), it was similar in group II (+
H 25.3%) and group III (+ 24.6%). Furthermore, in
• single cases, a low GFR increased only slightly (N
2
= 6) or not at all (N = 4), even in group I (that is,
those patients with serum albumin concentrations
1.6_ greater than 3 g/lOO ml). It therefore appears evident
01 that the ECV expansion during the titration studies
Serum albumin,g/1 00 ml does not account for the marked splaying of the
Fig. 5. Relationship between TmG factored for 100-mi GFR and glucose titration studies in patients with low serum
serum albumin, albumin concentrations.
On the other hand the splay point appeared to fall
in parallel pattern with the fall in the serum albumin
concentration is presumably very low. Hence, concentration rather than with GFR (Fig. 4). How
proximal tubular reabsorption in nephrotic syn- does hypoalbuminemia account for the fall in tubu-
drome is expected to be reduced. The present study lar reabsorption of glucose in patients with nephrot-
was undertaken to evaluate the effects of different ic syndrome?
plasma protein concentrations on glucose reabsorp- It has been suggested that Starling forces (mainly
tion in patients with chronic glomerulonephritis serum albumin concentration) regulate the reab-
with and without nephrotic syndrome. sorption of water in proximal tubules; the move-
The glucose titration curves were considerably ment of water from tubular cells into the peritubular
interesting because the splay, which was normal in capillaries would draw other substances, such as
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sodium, phosphate, bicarbonate, and glucose,
which are dissolved in this water; this would ac-
count for the linkage between reabsorption of these
substances and sodium reabsorption [6, 8-11]. In
conditions of low serum albumin concentration, the
fall in water reabsorption in the proximal tubule will
result in marked fall in glucose reabsorption, which
will be readily detected by the fall in the minimum
threshold for glucose.
If this hypothesis is correct, a fall in TmG is also to
be expected when serum albumin concentration is
low. We must keep in mind, however, that it is tech-
nically much easier to detect a fall in the minimum
threshold of glucose than a fall in TmG. This may
explain why TmG appeared to vary in a wide range
in the three groups without showing a clear fall in
patients with hypoalbuminemia.
Our results have recently received experimental
support by micropuncture studies. Bernard et al
[12] have, in fact, demonstrated that proximal
tubular reabsorption is depressed in rats with ex-
perimental nephrotic syndrome, presumably be-
cause of hypoalbuminemia, sodium retention being
accounted for by altered handling of sodium either
at the collecting ducts or at any segment of deep
nephrons.
Reprint request to Dr. V. E. Andreucci, Cattedra di Nefro-
logia Medica, Seconda Facoltd di Medicina, Universitd di Na-
poli, Secondo Polic/inico, Via S. Pansini No. 5, 80131 Napoli,
Italy.
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